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Experiment I was performed by controlling the orientation of Necker cube. As the results, 
when the difference in view points of reversible perspective was right-left, dominance durations 
of two interpretations were almost equivalent to each other, but when the difference in view 
points was up-down, the dominance duration of the interpretation from upper view point was 
obviously longer than the other. Moreover, it was investigated in experiment II whether this 
perspective preference would be observed in the case of binocular stereopsis based on retinal 
disparity or not. However no clear results were obtained. 
Key words: perspective reversal, reversible figures, necker cube, binocular stereopsis, 
geometorical ambiguious figures, depth reversal. 
INTRODUCTION 
The geometorical ambiguous figures, i.e. Necker cube or Schroder's staircase 
would be cited in the first instance of the depth reversal. In addition, they contain 
Mach's book, a fine example of monocular depth reversal, Lissajous figure whose 
reversals are contingent to beam spot's motion on oscilloscope and Ames rotating 
trapezoidal window demonstration that has both features above. It can be said that 
the ambiguity of moncoular depth cues contributes to depth reversals of these exam-
ples. However, as Gregory (1970) pointed out, we ordinarily give a single interpreta-
tion to a figure or a photograph. We rarely misjudge the perspective on any object in 
a photograph. Nevertheless, a photograph of craters on the moon face as the exception 
can reverse in depth when it is turned upside down, and the extreme exception is that 
the photograph of the mask inside is never perceived to be hollow. Moreover, the 
mask inside can be perceived just like the outside of it in consequence of depth reversal 
even on the binocular condition in spite of the existence of binocular disparity (Yellot, 
1981 ). 
These facts concerning the face perception indicate the participation of some 
factors in depth perception other than visual depth cues. At the same time, we tend 
to think that geometorical ambiguous figures do not involve such factors, so their 
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perspective reversal may have no influence. Then, are the dominance durarions of 
reversible perspective interpretations always equivalent to each other as their statisti-
cal probability 1 
Wieland & Mefferd (1969) pointed out the biased interpretation in Necker cube 
perception from their experiment controlling the lengths of its diagonal lines, their 
angles and its orientation. According to their results, it is neither the lengths nor the 
angles but the orientation that affects the perspective of initial percept and the 
relativity between dominance durations of the perspectives. But it should be men-
tioned that they used the "orientation" in the sense of orientation on the horizontal 
plane. Kawabata, Yamagami and Noaki (1978) made it clear that which vertex we 
fixate in these figures decides the perspective to some degree in seeing the Necker cube 
and Schroder's staircase. And they noted such tendency disappeared when the cube 
rotated 45° counterclockwise. 
Considering these facts, the solution to the previously stated problem may be 
"NO". So in this research, we will investigate whether or not dominance durations of 
reversible perspective are different each other, making an experiment relevant to the 
indications by Kawabata et al. in which the independent variable is the orientation of 
Necker cube changed by rotating it on the frontoparallel plane. In addition, if such 
perspective preference would be confirmed, we intend to investigate its relation to 
stereopsis based on binocular disparities. 
EXPERIMENT I 
METHOD 
Subjects: Three male and two female undergraduates and graduates of Tohoku 
University served as Ss. All of them have uncorrected or corrected normal vision. 
Stimuli: A pilot experiment was done in order to decide the proper size of 
stimuli. Among five sizes (1.2° X 1.2°,2.0° X 1.9°,2.9° X 2.7°,4.0° X 3.8°,5.8° X 5.5°),2.9° X 
2.7° was selected in the light of criteria, that is distinct alternation, little flat percept, 
and easiness for subjects to see. Though Necker cube has a few types, we adopted the 
type of Attneave (1971). As showed in Fig. 1, 12 Necker cubes of six orientations 
made by rotation in 30° step were used as stimuli. Two kinds of cubes were adopted 
in each orientation condition to counterbalance the position of marks ( • ) on the line. 
Apparatus: The stimuli were presented on the translucent screen by a projector-
type tachistoscope (TKK, 270A), and they were set so as to overlap the center of the 
screen and the center of Necker cube rotation. Subjects fixed their heads on the chin 
rest and observed the screen at a distance of 57.3 cm. A couple of telegraph keys for 
response were placed on the position of subjects' hands, which were connected with two 
couples of timers and counters. 
Procedure: The stimulus duration was 20 seconds in all trials. This experiment 
consisted of 8 trials in each condition, for the whole was 48 trials. Observations of 
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l-b 2-b 3-b 4-b 5-b 6-b 
Fig_ 1. Necker cubes used in experiment L Six orientations are set by rotation in 30· 
step. 
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stimuli were under the condition of free viewing without fixation points. Stimuli 
were presented in random order, and the correspondence of telegraph keys' right-left 
with two perspective interpretations was counterbalanced in two halves of the experi-
ment_ Moreover, their initial correspondences of 3 Ss were different from those of the 
rest_ Five exercise trials preceded this experiment, and five minutes interval followed 
the first half. In each trial, the cumulative time of one perspective interpretation and 
the number of reversals were recorded from two couples of timers and counters. 
The sample of Necker cube was projected on the screen first of all, and subjects 
were instructed to continue pressing the right (or left) key as long as the marked line 
was perceived as a frontal line of the cube, to press the left (or right) key in the case 
of opposite perspective interpretation, and to press neither key in the case of undefined 
percept. Before starting the second half, the correspondence between right-left of 
response keys and two interpretations was reversed_ In spite of the proper size of 
stimuli decided in a pilot experiment, subjects have undefined percept in almost lO% 
of stimulus duration_ So we adopted the third response, that is to press neither key, 
to protect the dominance duration of each perspective from inadequate addition of the 
time of undefined percept. 
RESULTS 
The cumulative time of each perspective dominance duration was measured 8 
times for one condition, and Fig_ 2 shows the averaged results of them. Fig_ 2a 
represents the averaged cumulative time in which the marked line was perceived as the 
frontal line of the cube, Fig_ 2b represents that time about the no-marked line. At a 
glance of Fig. 2a, it is obvious that the curves increase and decrease in cumulative time 
of dominance and have peaks at the orientation condition 4_ Of course, Fig. 2b shows 
the opposite tendency_ According to analysis of variance, main effect of orientation 
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Fig. 2. Five curves represent the averaged cumulative times of each subject. The time that the marked 
line was perceived as the frontal line of the cube in (a), and the time about the no-marked line is 
01 (b). 
was significant on cumulative time of the perspective dominance in which the marked 
line had been perceived as the frontal line (F =6.27, df =5, p<O.Ol). However it was 
not significant about the other perspective interpretation. Subsequent Tukey test 
showed the significant differences between condition 4 and 3, 4 and 1, 4 and 6, 4 and 
2 (all of them; p < 0.05, see Table 1). Though Table 2 represents the number of 
reversals from each perspective added together in each condition, no inclinations have 
been founded. 
4 
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Table 1. Results of Turkey 
test comparing the 
cumulative times. 
4 5 3 1 6 
* * * 
2 
* 
Table 2. The averaged number of reversals. 
"" 
subjects 
orientation "\ 
TA MM MF KT HO 
1 10.3 12.9 17.1 6.3 12.0 
2 11.4 10.4 15.9 5.9 ILl 
3 11.9 10.8 13.6 8.4 11.8 
4 9.4 17.9 8.9 4.9 12.1 
5 9.5 10.6 15.1 9.1 10.6 
6 9.5 10.1 16.5 5.0 10.0 
DISCUSSION 
It can be considered that the change in orientation of cube as a variable in this 
experiment is the difference between the view points of perspective reversal. On the 
condition 1, the height of subject's view point in reversible perspective is equivalent 
to that of Necker cube, and to put it simply, the difference between these view points 
Perspective Preference in Necker Cube Perception 73 
is the difference of right-left. As the condition changes to 2 or 3 the view points shift 
round from right-left to up-down, and on the condition 4, the difference of the view 
points becomes perfectly up-down. 
On the condition 1 averaged results of cumulative time in reversible perspective 
interpretations being both 8-9 seconds, there was little difference between them, that 
is two perspectives were perceived equally. As we noted above, however, the differen-
ce between them maximized on the condition 4. This means the existence of perspec-
tive preference in Necker cube perception. 
The state of a cube-like object, i.e. of a box, is called stable only when it is put 
on a fixed plane, i.e. a desk or floor. Even if it was hung by a strong chain, it would 
give an impression of unstability to the observer. When we look at some object like 
a box in our circumstances, we seldom look up to its bottom from below. To take 
account of these points, it is clear that we have more occasions in which we see the top 
of a cube below our view points than the occasions in which we see the bottom of a 
cube above our view points. Therefore when the difference of the view points is right-
left on the condition 1, Necker cube perception should be under no influence of the 
amount of visual experiences. Consequently it should be considered that reversible 
perspectives' dominance durations are equal to each other on the condition 1, and the 
dominance duration of the looking down perspective is longer than the other on the 
condition 4. 
These points suggest that the reversible perspectives of Necker cube are different 
from each other in their dominance durations under the condition of free viewing, and 
that the difference depends on whether the view point diversity in perspectives is right-
left or up-down. As mentioned in the introduction, the extreme example of perspec-
tive preference for 2-dimensional figures or photographs is the case of our seeing the 
photograph of mask inside. In spite of the information of light and shade as a 
monocular depth cue telling us that the face is hollow, we perceive it normal face being 
lighted from lower position. Moreover, the perspective preference occurs in binocular 
stereopsis of mask inside with retinal disparity. Therefore the perspective preference 
in Necker cube perception proved experiment I would be observed in looking at the tri-
dimensional Necker cube with disparity. This problem will be investigated in experi-
ment II as follows. 
EXPERIMENT II 
METHOD 
Subjects: Two male and three female undergraduates and graduates of Tohoku 
University participated in this experiment as Ss. All of them have uncorrected or 
corrected normal vision. 
Stimuli: Eleven stereo-pairs of Necker cubes with diverse disparities were used as 
stimuli (see Fig. 3). The size of the stimulus in visual angle was 5.6° X 4.9°, and the 
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Fig. 3. The distance between two vertical lines (AB, ab) of left pattern was narrowed and 
that of right pattern was widen in ( + ) disparity condition, that is the line AB was to 
be seen as a frontal line of the cube, and vice versa. 
width of its lines was 6'. Binocular disparities of Necker cube were controlled by 
changing the distance between two central vertical lines (AB, ab) in 3' step, and 5 
disparities were set that the line AB was to be seen as a frontal line of the cube, and 
5 opposite disparities were set for the other perspective, the rest was zero-disparity. 
The averaged luminance of both patterns was approximately 5 cd/m2. 
Apparatus: Four polaroid filters were attached to a 3-channel reflection-type 
tachistoscope (TKK, DP-6, 231) of which viewing distance was 80 cm so that the 
stimulus in channel 1 might be presented only to the left eye, and the stimulus in 
channel 2 might be presented to the right eye. A telegraph key for response was 
placed on the position of subject's right hand, which was connected with a digital timer 
and a counter. The digital timer indicated the cumulative time when the key was 
pressed, and the counter expressed the number of reversals. 
Procedure: The independent variables of this experiment are the amount of 
binocular disparity and its direction in depth on Necker cube, so the number of 
conditions is 11. And 3 trials in each condition, all the 33 trials were carried out in 
random order. The stimulus duration in each trial was 1 minute, and the stimuli were 
observed under the condition of free viewing without fixation points. Subjects were 
instructed to press the telegraph key when the line AB was perceived as a frontal line 
of the cube, that is when they perceived the cube as if they looked down on it. 
RESULTS AND DISCUSSION 
Averaged dominance durations of the perspective from the upper view point and 
the averaged number of reversals are showed in Table 3 and Table 4. But it is difficult 
to find out any tendency directly from these data. Then the values given by subtract-
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ing the key-pressed cumulative time from 1 minute stimulus duration is used as the 
corrected data on (-) disparity condition that is the binocular disparity for the 
opposite perspective to the instructed one. These corrected data make it possible to 
compare the dominance durations of perspective interpretations coincided with their 
disparities on all conditions. 
The curves of ( - ) disparities in Fig. 4 represent these corrected values. However, 
we should take into account the following. By reason of two state responses, these 
corrected values contain both the dominance duration of the perspective from the 
lower view point and the time of undefined percept, though the values on (+) 
disparity condition contain only the dominance duration of the perspective from the 
upper view point. Therefore if the cumulative time of ( +) disparities were signifi-
cantly longer than the time of (-) disparities, it could be said that even the tri-
dimensional Necker cube inclined to be perceived with the perspective from the upper 
view points. To put it in another way, the perspective preference would occur despite 
the retinal disparity which is a distinct binocular depth cue. Unfortunately glancing 
at Fig. 4, only two subjects show such a tendency, one subject has no tendency, and the 
rest represent adverse inclination. According to analysis of variance for the data of 
the two subjects with the tendency of our prospect, the main effect of disparity 
direction in depth (+ or -) was significant in 1% level. Considering the correction 
of data in ( - ) disparities, it may be noted that the subject without any tendency has 
the perspective preference from the upper view points. Nevertheless it cannot be 
Table 3. Averaged dominance durations of the perspective 
from the upper view point (sec). 
~ dispari ty direction 0 1 2 3 in depth Ss 
+ 44.8 25.3 37.0 
MM 30.4 
- 30.9 12.3 10.4 
+ 42.1 40.5 30.9 
MF 36.9 
- 20.2 17.2 9.8 
+ 46.8 48.5 52.7 
KT 36.5 
- 23.2 18.2 9.1 
+ 40.8 45.8 49.4 
KS 32.8 
- 25.7 22.1 23.3 
+ 42.5 43.6 44.9 
MC 35.7 
- 23.6 25.3 21.9 
4 5 
24.3 22.0 
15.3 12.2 
25.8 25.5 
15.8 6.7 
48.1 45.8 
11.0 12.9 
43.3 44.5 
23.7 22.2 
45.9 45.9 
17.4 14.5 
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Table 4. Averaged number of reversals. 
~ disparity direction 0 1 2 3 4 5 in depth Ss 
+ 15.7 14.0 16.7 19.3 15.7 
MM 14.7 
- 18.0 12.0 15.0 14.0 18.0 
+ 17.3 20.0 28.0 26.0 25.3 
MF 20.3 
- 17.3 14.3 11.0 18.0 8.0 
+ 8.7 7.0 5.0 5.7 7.3 
KT 8.0 
- 9.3 10.3 5.7 5.7 7.7 
+ 10.0 9.0 8.7 12.3 8.0 
KS 11.3 
- 10.7 14.0 11.3 14.0 9.3 
+ 20.3 16.3 16.3 18.0 17.3 
MC 21.0 
- 20.3 22.3 20.3 17.3 24.3 
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Fig. 4. Corrected values of results in experiment II. The ordinate is the averaged 
cumulative time of each perspective interpretation, and the abscissa is the condition of 
disparity. 
concluded from these results that there exists perspective preference on the Necker 
cube stereo grams. 
Negative results for our prediction in two subjects may be explained from the 
investigations by Virsu (1975) and Harris (1980). They noted that the adaptation 
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would be able to occur even after one-minute observation of a geometorical ambiguous 
figure, therefore a tilt-aftereffect on the diagonal lines in that figure would produce the 
opposite perspective interpretation of a subsequently presented zero-disparity stereo-
gram. In this experiment, we left this effect out of consideration. Consequently it 
seems that such an effect influenced on the depth perception. So we feel the necessity 
of continuous investigation in order to take out the aftereffect, with sufficient control 
of experimental conditions. 
CONCLUSION 
It was made clear that the dominance durations of perspective reversal on Necker 
cube were different from each other under the condition of free viewing, and it was 
suggested in experiment I that the difference depended on the orientation of Necker 
cube, that is the orientation of view point diversity in perspectives. However, we 
could make no clear assertion from the results of experiment II in which we tried to 
test the existence of the perspective preference on binocular stereopsis based on retinal 
disparity just the same as the face perception. Then the necessity of further control-
led experiments was suggested. 
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